Introduction Cutaneous leishmaniasis is endemic in Sri Lanka. The immunopathogenesis of these lesions in Sri Lankans has not been documented.
Introduction
Cutaneous leishmaniasis is endemic in Sri Lanka [1] . Pathogenesis of cutaneous leishmaniasis is a spectrum of immunological reaction varying from anergy in diffuse cutaneous leishmaniasis to hypersensitivity in the lupoid A histopathological study of cutaneous leishmaniasis in Sri Lanka C H P Herath 1 type. The histological picture of cutaneous leishmaniasis in some endemic areas can be classified into a spectrum as in leprosy [2] . Several histological classifications have been described consisting of 4-6 categories which varies from one endemic area to another [2] [3] [4] [5] [6] [7] . It is timely to evaluate and document the histological appearances of cutaneous leishmaniasis in Sri Lanka. The wide histological spectrum of leishmaniasis could mimic other diseases like lupus vulgaris, acne and leprosy.
Many studies have indicated that activation of macrophages and a necrotizing process that destroys the macrophage with the parasite it contains, as being the mechanism involved in elimination of the parasite in cutaneous leishmaniasis [2, [8] [9] [10] [11] . The objectives of this study were to document the histological features of cutaneous leishmaniasis and to classify cutaneous lesions into histological groups using criteria by Ridley [8] , to assess the parasitic load, density of inflammatory cell types and necrosis in cutaneous lesions and to assess the immunophenotype of the lymphocytic infiltrate of cutaneous lesions in each histological group of cutaneous leishmaniasis in comparison to leprosy.
Methods
Thirty-one formalin fixed paraffin embedded, haematoxylin and eosin stained sections of skin biopsies with cutaneous leishmaniasis, proven by positive skin smears or demonstrable Leishmania amastigotes in histological sections were included. Strept ABC envision method was used for immunohistochemistry. Cells for T cell lineage was detected with CD45RO (clone UCHL 1) and B cells with CD20 (clone L26). Seven cases of leprosy including the tuberculoid, borderline tuberculoid and lepromatous categories were also stained similarly. The staining for T cells in our cases of leishmaniasis and leprosy were compared with those of the T cell pattern stained for the CD3 marker [12] .
Thirty-one lesions were classified according to modified classification originally proposed by Ridley [8] .
Group I: Parasitized macrophages with variable lymphocytes and plasma cells.
Papers
Group II: Parasitized macrophages with lymphocytes, plasma cells and ill formed histiocytic granulomata.
Group III: A mixture of macrophages (with or without parasites) lymphocytes, plasma cells and epithelioid granulomata.
Group IV: Epithelioid granulomatous response (with or without Langhans type multinucleated giant cells) with a few lymphocytes and plasma cells but no amastigotes.
Grouping was done by two independent observers and was statistically analysed using Kappa statistics to check the degree of inter-observer agreement. In the event of disagreement, the sections were reviewed simultaneously by both observers, and a consensus reached.
The cells in the inflammatory infiltrate were semiquantitatively assessed by calculating a mean cell score for each cell type as follows: 
Results

Histological grouping
Thirty one biopsies were classified by two independent observers and group I, II, III and IV had 10, 10, 10 and 01 cases respectively. Inter-observer agreement on grouping was proven to be almost perfect (Kappa 0.85). Histology of lesions showed a spectrum ranging from diffuse parasitized macrophage infiltrate in group I to activated macrophages giving rise to well formed epithelioid tuberculoid granulomata in group IV. Histological groups of cutaneous leishmaniasis ranging from group I-IV were similar to that of the leprosy spectrum ranging from lepromatous to tuberculoid leprosy. Group IV lesions with granulomas resembled tuberculoid leprosy. 
Papers
Diffuse infiltrates of parasitized macrophages in group I to well formed epithelioid granulomata in group IV resembled that of diffuse infiltrate of foamy macrophages laden with bacterial globi in lepromatous leprosy to well formed tuberculoid granulomata in tuberculoid leprosy. The middle of the spectrum which comprised parasitized macrophages, lymphocytes, plasma cells with ill formed histiocytic granulomata in group II and parasitized macrophages admixed with epithelioid granulomata in group III were similar to borderline lepromatous and borderline tuberculoid leprosy.
A PI of 0, 1, 2, 3, 4, 5 and 6 was seen in 2, 0, 8, 12, 3, 6 and 0 cases respectively. There were no cases with PI of 1 and 6. The majority of lesions showed a PI of 2 and 3. The mean PI along with the standard error of the mean and the standard deviation for each histological group is shown in Table 1 . As shown in Figure 1 , the histological groups from I-IV showed a significant inverse relationship with the mean PI (pearsons correlation coefficient = -0.962, p = 0.038.)
Assessment of necrosis, epidermal changes and tissue reaction
Necrosis was not a prominent feature. Eleven cases showed necrosis, 5 focal and 6 diffuse. Focal necrosis revealed foci of fibrinoid necrosis whereas diffuse necrosis revealed diffuse foci of nuclear debris with evidence of destruction of parasitized macrophages. The necrosis was seen in lesions with PI 2-5. Follicular plugging and epidermal atrophy were the major findings and were seen in 20 and 14 cases respectively. Parakeratosis, acanthosis and intra-epidermal abscesses were other findings.
One biopsy showed destruction of sebaceous glands. Six cases showed amastigotes within keratinocytes with possible trans-epidermal elimination of amastigotes. These epidermal changes are not seen in leprosy. Subepidermal upper dermal oedema was seen in 13 cases. Fibrosis was seen in 4 cases.
Immunohistochemistry revealed a predominant T cell mediated response from group I to IV as in leprosy. Mean percentage of T cells were 20.1% in group I, 20.5% in group II, 33.8% in group III and 47.8% in group IV. Mean percentage of B cells ranged from 10% to 4.6% from group I to IV. Lepromatous leprosy, borderline tuberculoid and tuberculoid leprosy had 21.3%, 33.4% and 48.0% T cells respectively and B cells ranged from 10.3% to 6.1%. The mean percentage of T cells in leprosy lesions in this study were similar to that of mean percentage of T cells in leprosy spectrum assessed by Wesley et al using CD3 antibody [12] .
The mean percentage of T cells in histological spectrum from group I to IV in leishmaniasis was similar to that of spectrum in leprosy from lepromatous to tuberculoid. 
Analysis of cellular infiltrate
Semi-quantative analysis of the cellular infiltrate in relation to the PI showed a significant negative relationship with mean score for epithelioid cells and mean score for lymphocytes (both B and T cells) ( Figure 2 and Table 2 ). The mean score for macrophages and plasma cells showed a significant positive relationship. (Figure 2 and Table 2) 
Cell types
Correlation that the most important mechanism for elimination of parasites appeared to be necrosis of parasite laden macrophages [9] .
Elimination of the parasite in cutaneous leishmaniasis involves two mechanisms, activation of intact macrophages and necrotizing process that destroys the macrophage with the parasite it contains. The latter is believed to be the more efficient mechanism for parasite elimination [4, 5] . In this study necrosis was not a prominent feature as in other endemic areas and was only seen in eleven cases (35.5%).This could be the reason for a linear spectrum in histological groups, the main mode of parasite elimination being macrophage activation giving rise to epithelioid granulomata.
The parasitic index from 0 -6 showed a significant inverse relationship with the histological groups from group I to IV indicating a progressive reduction of parasites with evolution of the lesion from diffuse macrophage infiltrate to an epithelioid granulomatous response.
The mean score of epithelioid cells and lymphocytes showed a significant negative relationship with the parasitic index and macrophages showed a significant positive relationship. This also gives a clear indication of
Discussion
Cutaneous leishmaniasis is endemic in Sri Lanka and this study was done to evaluate the histopathological features and host immune response in our population for better understanding of host parasite interaction and mechanisms of effective elimination of the parasite by the host. In many endemic areas detailed studies were performed with regard to histological features and were classified in to groups as it varies from region to region depending on the parasitic as well as host factors. To date no such study has been performed in Sri Lanka.
The four histological groups showed a linear spectrum in this study. Gaffar et al and Uthman et al studying cutaneous lesions from Sudan and Saudi Arabia respectively also classified lesions into four groups. In these studies, the groups I and IV were comparable to the polar forms of leprosy. The intermediate forms did not show a linear spectrum as in leprosy [5, 6] . The spectrum and its variability are dependant on a number of factors such as the type and duration of clinical lesions, strain of organism, geographic location, parasitic load, and host immunity [7] .
The spectrum of histological groups of cutaneous leishmaniasis in this study was similar to that of the leprosy spectrum. Diffuse infiltrates of parasitized macrophages in group I to well formed epithelioid granulomata in group IV resembled the diffuse infiltrate of foamy macrophages laden with bacterial globi in lepromatous leprosy to well formed tuberculoid granulomata in tuberculoid leprosy. The middle of the spectrum which comprised parasitized macrophages, lymphocytes, plasma cells with ill formed histiocytic granulomata in group II and parasitized Papers activated macrophages as the main mode of elimination of amastigotes in the lesions.
In a previous study necrosis was significantly associated with the presence of plasma cells [5] . The role of plasma cells in parasite elimination could not be established in this study. This may be due to insignificant necrosis in lesional biopsies. A few cases showed amastigotes within keratinocytes with a possible transepidermal elimination. Studies performed in inbred mice infected with Leishmania and lesional biopsies of humans have demonstrated trans-epidermal elimination of amastigotes [13, 14] .
One lesional biopsy revealed evidence of destruction of sebaceous glands. Involvement of dermal appendages and nerves by Mycobacterium leprae has been documented in leprosy, but not in cutaneous leishmaniasis [15, 16] . Superficial upper dermal oedema was a prominent tissue reaction evident in lesions. Fibrosis was only seen in four cases. Dermal oedema during the period of parasite destruction has been documented [10] .
Leprosy is a spectral disease in which pathology and immunology are inextricably related, and it provides a unique critical model for investigating immunoregulatory mechanisms in humans [17] . The T cell mediated immune response plays an important role in leprosy [18] . There is a graded reduction in the number of T cells from tuberculoid to the lepromatous lesions [19] . In this study T cell mediated response with linear reduction from tuberculoid to lepromatous types was well demonstrated in leprosy lesions.
Granulomatous inflammatory infiltrate forms in response to a number of infectious agents [20] . The nature of cells comprising this infiltrate has been an area of active investigation in humans and murine models and the T cell mediated immune response plays a central role in the outcome of the disease [21] [22] [23] [24] . Activation of macrophages is immunologically mediated and involves T cells [5] . Further studies have shown T cell mediated IFN-γ and TNF-α which activate parasite infected macrophages for parasite destruction [25] . The mean percentage of T cells was 20%, 20.5%, 33.8% and 47.8% in groups I, II, III and IV respectively. Mean percentage of T cells increased in groups I to IV and were comparable to the mean percentage of T cells from lepromatous to tuberculoid leprosy lesions.
In conclusion, histological groups of cutaneous leishmaniasis in our population are similar to that of leprosy suggestive of a similar immunopathological process.
